The structure and evolution of archaebacterial ribosomal RNAs.
A cladistic analysis of 553 5S rRNA sequences has revealed a Ur-5S rRNA, the ancestor of all present-day 5S rRNA molecules. Previously stated characteristic differences between the eubacterial and eukaryotic molecules, namely, the length base-pairing schemes of helices D, can be used as a marker for the various archaebacterial branches. One model comprises Thermococcus, Thermoplasma, methanobacteria, and halobacteria; a second comprises the Sulfolobales; and a third is represented only by the single organism Octopus Spring species 1. A relaxed selection pressure on helix E with subsequent deletions is observed in Methanobacteriales, Methanococcales, and eubacteria. The secondary structures are supported by enzymatic digestion and chemical modification studies of the 5S rRNAs. Reconstitution of eubacterial 50S ribosomal subunits with 5S rRNA from Halobacterium and Thermoplasma has revealed 100% incorporation, while eukaryotic 5S rRNAs yielded a 50% incorporation. Relevant positions of the small-subunit rRNA are selected to answer the question of the monophyly of archaebacteria. Eight positions account for monophyly, eight for an ancestry of eubacteria with halophile methanogens and eukaryotes with eocytes (paraphyly of archaebacteria), and two for an ancestry of eubacteria with eocytes. A refinement of the neighborliness method of S. Sattath and A. Tversky resulted in a monophyly of archaebacteria when all positions are treated equally and in a paraphyly when tranversions are weighted twice over transitions.